Introduction The advent of antiretroviral therapy (ART) has dramatically slowed down the progression of HIV. This study assesses the disparities in survival, life expectancy and determinants of survival among HIV-infected people receiving ART. Methods Using data from one of Nepal's largest population-based retrospective cohort studies (in Kathmandu, Nepal), we followed a total of 3191 HIVinfected people aged 15 years and older who received ART over the period of 2004-2015. We created abridged life tables with age-specific survival rates and life expectancy, stratified by sex, ethnicity, CD4 cell counts and the WHOclassified clinical stage at initiation of ART. results HIV-infected people who initiated ART with a CD4 cell count of >200 cells/cm 3 at 15 years had 27.4 (22.3 to 32.6) years of additional life. People at WHO-classified clinical stage I and 15 years of age who initiated ART had 23.1 (16.6 to 29.7) years of additional life. Life expectancy increased alongside the CD4 cell count and decreased as clinical stages progressed upward. The study cohort contributed 8484.8 person years, with an overall survival rate of 3.3 per 100 person years (95% CI 3.0 to 3.7). Conclusions There are disparities in survival among HIVinfected people in Nepal. The survival payback of ART is proven; however, late diagnosis or the health system as a whole will affect the control and treatment of the illness. This study offers evidence of the benefits of enrolling early in care in general and ART in particular.
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InTroduCTIon
Mortality and morbidity rates have decreased and life expectancy has increased with the scale-up of antiretroviral therapy (ART). 1 2 Remarkable progress in the life expectancy of HIV-infected populations has been reported among developed countries after the initiation of ART. [3] [4] [5] However, very few studies find the same effect of ART on life expectancy in resource-limited countries. 2 6-8 It is important to estimate the life expectancy of HIV-infected people to monitor the progress of available ART; to observe the social, economic and demographic impacts of HIV; to estimate costs of HIV care; to inform people when treatment needs to begin; and to estimate other family settlements (manage assets for spouse or children). 3 9 This is important to policy makers and service providers who seek to improve the outcomes of HIV-infected people and are interested in reducing disparities in their survival and life expectancy through ART. 10 Life expectancy among HIV-infected populations varies considerably by gender, age and ethnicity, and between developed and resource-limited countries. 11 12 Literature related to life expectancy among HIV-infected people receiving ART is not available in Nepal. Estimates of the
Key questions
What is already known?
► Mortality and morbidity decreased and life expectancy increased with the scale-up of antiretroviral therapy.
What are the new findings?
► Life expectancy varied by sex, CD4 cell count and clinical stage, and that access to antiretroviral therapy greatly improved life expectancy, particularly among patients with high baseline CD4 cell count. ► Early diagnosis and treatment are the major challenges to reduce survival disparities among HIVinfected people in low-income and middle-income countries.
What do the new findings imply?
► Improvements in the quality of care and comprehensive strategies and plans for early detection and treatment for patients with HIV are needed. 13 which develops policies and strategies related to HIV/AIDS and develops ART within the country. The national ART programme in Nepal comprises bimonthly follow-up visits from the medical team in support of ART treatment, the treatment of comorbidities, and estimation of the CD4 cell count every 6 months, viral load measurement 1 year after the initiation of ART, and other care and support. Demographic and clinical records on ART enrolment and vital or mortality records during follow-up sessions were obtained from electronic records, the ART register and individual chart records. People from around the country come to this centre for HIV diagnosis, care, support and treatment services. This centre has provided multidisciplinary services related to HIV/AIDS since 2004 14 and started recording data prospectively that year.
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In this study, we included a total of 3191 eligible HIV-infected adults who received ART between 2 February 2004 and 29 March 2015; who had a record of follow-ups (patients were excluded who started ART and then did not return for the first follow-up scheduled in 1 month); and who were aged 15 years or older at enrolment into ART. All the people who tested HIV-positive were monitored through their subsequent registration in the pre-ART register, ART register and individual chart records.
The routinely maintained individual data from the Ministry of Health, STIDH and ART centre, Nepal, were used for analysis in this study.
Patient and public involvement statement
There was patient or public involvement in this study. However, we used secondary data from patient records.
Procedures
The data were collected from standard medical record registers, which include details on all confirmed HIV-positive clients who visit the ART centre. The registration number in the ART register was used to track the patient's HIV care and ART record files. Survival time was calculated in months using the date ART was started until date of death, 3-month absence, transfer out or other means of exit from the study, transfer to another health facility, failure to follow up, or death. All clinical, ART and mortality-related data were verified from individual records and ART registers at the ART centre. All deaths related to HIV were considered as mortality. Individuals who missed three consecutive monthly visits for general health check-ups and collection of ART drugs were considered as lost to follow-up. The demographic characteristics included in the study were sex (male and female), age (5-year categories for ages 15-59 years and ≥60 years for the life expectancy table), ethnicity (coded as non-indigenous and indigenous) and residence (valley: people who came from the surrounding districts of the study area, namely Kathmandu, Bhaktapur and Lalitpur; hill: mountainous areas; terai: plain or lowland areas-hill and terai regions are rural areas from the valley region). Clinical variables at the initiation of ART included CD4 cell counts (categorised as ≤50, >50-100, >100-200, >200 cells/cm 3 ), WHO clinical stages (I, II, III, IV), and duration between HIV diagnosis and initiation of ART.
statistical analysis
Survival rates were expressed as the number of deaths per 100 person years. Survival probability was stratified by sex, age, residence, ethnicity, baseline CD4 cell counts and WHO-classified clinical stage.
Survival time was calculated in months using the date ART was started until the date of death, 3-month absence, transfer out or other means of exit from the study. Cumulative mortality and survival probability were estimated using the Kaplan-Meier model, and survival curves were compared using p values. The Kaplan-Meier method presents survival distribution with graphical presentation, product limit calculations and survival probabilities. The log-rank test was used to compare survival functions. Distribution-free methods were applied for statistical comparison.
The proportional hazard assumption was used to assess the assumption for independent variables fit in the model. Cox proportional hazard models were used to calculate the hazard of mortality with a 95% CI. We used both univariate and multiple Cox regression analyses for unadjusted and adjusted HRs. Sex, age, ethnicity, residence, CD4 cell count, WHO-classified clinical stage, and duration between diagnosis and ART initiation were adjusted for the analysis. A global test was used to assess the violation of assumptions with any variable in the adjusted model. Because of very low level of missing covariate data, we used listwise deletion.
The study used the method developed by Chiang 15 for abridged life tables, created from age-specific survival rates. Chiang's 15 life table estimates the life expectancy of a particular cohort of people and indicates the average number of additional years that they will live after that age. The life expectancy table was stratified by sex, ethnicity, WHO-classified clinical stage and CD4 cell count, and presented by age group. Fundamental to the assessment of life expectancy throughout these life tables is the evaluation of survival rates. We removed data on people lost to follow-up to calculate life expectancy as a sensitivity analysis (online  supplementary table 1) . P values <0.05 were considered statistically significant, and all significance tests were two-sided. Analyses were prepared with R and Microsoft Excel.
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resulTs
In this analysis, a total of 3191 eligible ART recipients were included, out of whom 344 (10.8%) died, 397 (12. Table 1 shows the background and clinical characteristics of HIV-infected people who received ART. The overall study cohort follow-up contributed 8484.8 person years with a total mortality rate of 3.3 per 100 person years (95% CI 3.0 to 3.7) (table 1). Figure 1 shows the overall survival probability among HIV-infected people receiving ART over the follow-up period (figure 1). Figure 2 shows the survival probability among gender, ethnicity, WHO clinical stages and CD4 cell count. Numbers inside parenthesis are 95% CI. Life expectancy was defined as the average number of additional years that will be lived by a person after that age. In addition, the results illustrate that life expectancy changed with different variables: women had greater life expectancy gains than men; indigenous people had a relatively shorter life expectancy than non-indigenous people; those with a higher baseline CD4 cell count value had greater life expectancy; and patients at a lower WHO-classified clinical stage on initiation of ART had greater life expectancy. This study is the first in Nepal to assess the life expectancy of HIV-infected people receiving ART and the disparities in their survival and life expectancies. Life expectancy was greater among patients with a higher CD4 cell count and at a lower WHO-classified clinical stage when starting ART than in patients of the same age who had a lower CD4 cell count and were at a higher WHO-classified clinical stage. The majority (84.3%) of HIV-infected people started ART immediately after their diagnosis. This indicates that people come for diagnosis in the later stages of the infection. Late diagnosis and initiation of ART are common challenges in a resource-limited country. 16 In addition, compliance with the ART programme after its initiation is rare in a low-income country, while drug resistance and immunological alteration are common. 17 18 Limited ART centres in the country, geographical difficulties, migration and stigma might be the common reasons behind non-compliance on the ART programme in Nepal. The government required to expand the ART centres and education about the importance of ART. Health systems need to defeat these challenges to increase the life expectancy of the HIV-infected population. Early diagnosis and treatment would help to increase life expectancy among HIV-infected people. Our finding revealed that older age people who reported lower clinical stage and higher CD4 cell count had better life expectancy.
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(11.6 to 24.7) years of additional life compared with 1.2 years of additional life for those who were WHO-classified clinical stage
Life expectancy among HIV-infected people receiving ART is low compared with general life expectancy (which is the expected age at death estimated at birth) in Nepal reported in the WHO 2016 report (male=69 and female=72 years). Most of the indigenous people are hard-to-reach people and have low access to health services, and this might be a possible reason for the low life expectancy among HIV-infected indigenous people compared with non-indigenous people. Clients of sex workers (33%) and migrant workers (10%) were the key population at higher risk for HIV. 19 Adverse effects of ART, stigma and migration might be the possible reasons for loss to follow-up. The overall life expectancy was slightly lower at 20-24 years of age, due to late initiation of ART, opportunistic infection and other clinical reasons.
In addition, this age might represent the migrant workers group which seeks delay in HIV care.
Nepal provides free ART services, with financial assistance provided by the Global Fund to Fight AIDS, Tuberculosis and Malaria since 2004, and ART centres are only available in the limited areas of the country. With the external financial assistance, the Health and Population Ministry in Nepal has expanded ART sites and recommended the initiation of ART for patients with a CD4 cell count threshold of 500 cells/cm 3 or immediately after diagnosis for children, pregnant women who have sex with infected men and female sex workers, to meet the 90-90-90 strategy of the Joint United Nations Programme on HIV and AIDS to reduce mortality and transmission of AIDS and increase ART coverage. 20 However, the CD4 cell count threshold for initiation of treatment is contentious, [21] [22] [23] but perhaps no longer since the Strategic Timing of Antiretroviral Therapy (START) trial 24 and treatment as prevention initiative, and the WHO 2016 guidelines on which Nepal's 2017 guidelines 25 are based. Our study highlights that HIV-infected people who had a higher CD4 cell count at the initiation of ART had a higher life expectancy. Previous studies note that early initiation of ART can reduce the transmission, coinfection and reinfection of the disease. 21 26-28 The baseline value of the CD4 cell count provides a better understanding of the progression of infection or risk, and a simplified system is needed to encourage immediate treatment. 29 Nepal required to implement national HIV testing and treatment guidelines 2017 aggressively. 25 Further research is required to support the Nepal government's policy change to provide ART at an increased CD4 threshold and their continued efforts to improve retention and testing.
This study has several strengths and limitations. One advantage is the large sample size (which enables more accurate estimates of mortality) and the inclusion of a varied, nationally representative HIV-infected population with diverse levels of health. Our assessment of the data on time of HIV diagnosis and time of ART initiation after diagnosis indicates the importance of early diagnosis, initiation of ART and pre-ART care for HIV-infected people. The study's definition of 'failure to follow up' as 3-month consecutive absence from treatment might help reduce the possibility of misclassification bias. A maximum number of patients were transferred to other ART centres and loss to follow-up scenarios could limit the generalisability of our study outcome. Future survival among HIV-infected people in Nepal receiving ART under new guidelines should be comparable with the study's outcome. It would be helpful to reduce the historical bias towards new therapy and new treatment guidelines. ART centres are increased, and new HIV infections and deaths have decreased in Nepal. 19 Through sensitivity analysis, with an adjustment for those who exited treatment, this study highlights a slightly higher life expectancy among HIV-infected people who received ART.
The limitation of this study is the baseline value of the viral load, which is important for treatment adherence and effectiveness, and was not available for all the HIV-infected people receiving ART during the study period. We could not compare the life expectancy based on different ART threshold treatments because we collected data for this study prior to guidelines that recommended the initiation of ART at a CD4 cell count threshold of 500 cells/cm 3 . The study did not consider different clinical markers or conditions at which HIV-infected people initiated ART, other than the low CD4 cell count. Studies from developed countries have analysed life expectancies excluding the high-risk groups of HIV-infected people receiving ART. 3 30-32 The missing values of the CD4 cell count might affect both the survival rate and life expectancy. Abridged life table method did not allow a multivariable analysis of the data adjusting for duration of ART and CD4 cell count.
ConClusIon
Our study results have significant implications for epidemiological and demographic modelling that could estimate the impact of ART on HIV-infected people in resource-poor settings. The early initiation of ART has tremendous benefits: an increase in life expectancy and reduction in mortality. Long-term survival can be expected for those who initiate ART early and with higher CD4 cell counts. It is therefore vital that the Nepalese government make efforts to establish an innovative health system to provide ART at increased CD4 cell count thresholds, and focus on early detection, testing, sustainable treatment and improved retention.
Contributors DNB contributed to the study concept, design, analysis and interpretation of data, and drafted the report. RA contributed to the study concept, interpretation of data and drafted the report. SPW, SK and AKK contributed to the study concept and critical revision of the drafted report.
Funding The authors have not declared a specific grant for this research from any funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.
Patient consent for publication Not required.
ethics approval Ethical approval was obtained from STIDH, Kathmandu, for collection and use of these data (063/071/72). This study is based on secondary data. All the reviewed data had followed the ethical considerations.
Provenance and peer review Not commissioned; externally peer reviewed. data availability statement Data are available upon reasonable request.
